Intracellular hyperthermia: Nanobubbles and their biomedical applications.
Functionalised nanoparticles have been proposed as potential agents for non-invasive therapies where an external source such as a laser or an electro-magnetic wave is used to heat targeted particles for either drug release or malignant cell damage. It is desirable to have intracellular reactions to minimise the damage to health cells. However, it is still debatable from the thermal response point of view, whether intracellular hyperthermia is better than extracellular delivery due to conventional ideas of localisation of heat by nanoparticles. This work conducts an analytical study on the heating of a single nanoparticle by a pulsed laser and reveals the potential role of the formation of nanobubbles around heated particles. The rapid formation and contraction of bubbles around heated nanoparticles, associated with the propagation of pressure waves, could bring thermal-mechanical damage to surrounding cells at a dimension much larger than that of a nanoparticle. The challenges of the study of nanobubbles are highlighted and their potential healthcare implications are discussed.